AQUATIC HEMIPTERA. A STUDY IN THE RELATION 
OF STRUCTURE TO ENVIRONMENT. 

By J. R. de la Torre-Bueno, White Plains, N. Y. 


Water is everywhere. Wherever there is water, there are 
to be found Aquatic Hemiptera. From the woodland spring 
deep in the cool and dusky shadows to the tropic ocean steaming 
in the flaming rays of the noonday sun, these daring insect 
navigators adventure themselves on the bosom of the waters, 
to them as vast as, even vaster than the mighty seas were to the 
bold mariners of old. Protean in form, variable in size—some 
less than the head of a pin, others of monster size for insects, 
for they attain the length of half a foot—these fierce pirates 
range the waters, seeking prey. Not even the wide-spread 
and multiform water beetles exhibit such a wide diversity of 
form, structure and habitat. 

The old-time divisions of Cryptocerata and Gymnocerata 
Littoralia separate these two Hemipterous groups on the 
obvious character of the absence or presence of visible, free 
antennas, and very fairly divide the dwellers in the waters from 
those that live upon them or on their shores. And in this 
antennal diversity we have indeed a character arising strictly 
from the conditioning environment. Obviously, long antennae, 
while of the utmost use to the above-water forms, would be 
distinctly in the way in deep-swimming insects, so in the Order 
Sandaliorrhyncha, containing the family Corixidce, and in the 
Heteropterous families Notonectidce, Naucoridce, Belostomatidce 
and Nepidce , the antennae are three or four-jointed, concealed 
in foveae under the head, the joints being sometimes palmately 
explanate, as in Lethocerus; sometimes stout and simple, with 
fringing hairs, as in Notonecta. But the nymphal development 
of Belostoma and Ranatra , for example, points to the simple, 
stout, three- or four-jointed antenna as the primitive form, 
since in the early stages of these bugs they are simple and do 
not begin to show the explanations until the third or fourth 
instar. 
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The wings in these groups are misleading phylogenetically, 
since the venation seemingly is very simple in some instances, 
and actually so in others. Of course, a sub-aquatic life must 
profoundly modify the organs of flight if they are unused, so in 
Plea the specialization reaches such a degree that the second 
pair of wings is absent and the first pair is completely coriaceous 
and hardened and soldered together, which, in passing, is also 
the case in the genera Nerthra of North America and Peltopterus 
of Africa, in the Gelastocoridce, which are forms living on the 
banks of streams and bodies of water; and in the A phelocheirince 
of the Old World, certain dimorphic species exhibit wingless 
forms. In Ranatra the cross veins of the second pair of wings 
are reduced to mere spurs arising from the longitudinal veins, 
and in the first pair are entirely absent. In Anisops and 
Buenoa, Enithares and Nychia , the entire hemelytra (also 
called tegmina) are hyaline and with nothing but a few nearly 
obsolete longitudinal veins, and in the last named, the second 
pair of wings is absent. All the Belostomatidce are strong 
fliers, and here, as may be imagined, the wings are large and 
powerful, the venation of the upper and lower pairs complete, 
except that in some forms, the membrane of the tegmina is 
nearly obsolete. The Naucoridce also have unspecialized wings 
and the Corixidce as well, in the majority of cases. To anyone 
at all familiar with these groups at first hand, the absurdity 
of calling them primitive is self-evident. From what has been 
said, it can readily be seen that the wings in the aquatic forms 
are unreliable and misleading as criteria of position in the 
phylogenetic scale. Where they have continued to be of use, 
the wings persist in a fairly non-complex form; where disuse has 
ruled, they have been modified and even have become obsolete 
to the extent of disappearing. 

The most profound changes, as might be supposed, have 
taken place in the respiratory apparatus, which has become 
adapted in the most remarkable ways to aquatic life; and in the 
legs which have been transformed to cope with the medium in 
which the insects move. There are three main forms of 
respiratory apparatus among the water-dwellers, which may 
be called the dorsal reservoir and pile , the anal tube , and the 
abdominal channel types . The tracheal systems as such are 
practically identical in all three forms of air supply. The 
Corixida, Belostomatidce and Naucoridce have the dorsal reser- 
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voir; the Notonectidce the abdominal channel; and the Nepidce. 
the tube type. In the forms with pile and a dorsal reservoir, 
practically the entire abdomen is pilose and the dorsum more 
or less concave, forming a reservoir under the convex wings, 
which is ordinarily filled with air. This air is renewed by 
absorption from the atmosphere direct and also by reoxygenation 
from the contained air in the water. In the CorixidcB, the 
abdomen also can be seen covered with a silvery coating of 
air imprisoned in the pile. The insects of this last group, as a 
general rule, remain at the bottom, holding fast to pebbles, 
grains of sand, and other inequalities affording a hold, and from 
time to time may be seen to pass the third pair of legs through 
the air coating. Now and again they swiftly ascend, impinge 
upon the surface-film and dart back to the bottom. The air 
they carry makes it unnecessary for them to exert themselves, 
to go up, but their descent, while quick, is laborious, and it is 
this extreme lightness that compels them to anchor themselves, 
so to speak, in order to remain at the bottom. The Naucoridce 
haunt the aquatic vegetation among which they creep, and to 
renovate their stored air, they come to the surface, where the 
tip of the abdomen breaks through the surface film and the air 
they carry is purified by diffusion or perhaps by being expelled 
by body movements, fresh air being then drawn in to replace it. 
In this family, or group, as in the Belostomatidce, the dorsal 
part of the abdomen is hollowed out, but only slightly, and is 
covered with a heavy pile, which affords storage for much air 
and makes it unnecessary for the bug to come to the surface 
with any degree of frequency to purify this stored air, which to 
some degree must be done also by absorption of the oxygen 
given off by the aquatic vegetation it haunts. In the Belosto- 
matidcz, however, there are two more or less retractile strap-like 
appendages, the lengthened peritreme of the sixth abdominal 
spiracles, which are moved from the connexivum and open 
dorsally at a slit in the abdomen, which on the underjfside is 
covered in both sexes by the genital plate. These strap-like 
appendages have been employed as specific characters, based on 
their comparative lengths, but as they are, as already stated, 
more or less retractile, individuals of the same species, L. 
americanus for instance, will have them of different lengths. 
They have also been considered to be a part of the genital appa¬ 
ratus and perhaps to be ovipositors, but a simple dissection 
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suffices to show anyone who will take the pains to make it, 
that they are strictly respiratory appendages, which may be 
readily observed in operation in aquaria. These appendages 
break through the surface film and the hollowed sides being 
placed in juxtaposition, they form a tube leading air to the 
spiracles, as already mentioned. These spiracles are larger 
than the others, and from them lead the two main tracheal 
tubes lengthways of the body, which connect by side branches 
with each other and with the functional abdominal spiracles. 
These spiracles are placed in a pilose stripe, silvery with 
enmeshed air when the bug is in water, situated on the under 
side of the abdomen at the connexivum. The thqracic spiracles 
are also large and functional, but from their structure, size 
and position are evidently used for respiration only when the 
bug is in flight. The nymphal respiratory adaptation is quite 
different, as the strap-like appendages are absent, the abdomen 
is totally covered with a long and thick pile, and there are two 
large spiracles situated under the sternal plates, which are 
very large and fringed with long hairs. 

The typical, and only, representatives of the anal tube 
type of aquatic respiration are the Nepidce. This family is 
extremely peculiar, and its aquatic life offers no criterion to its 
phylogenetic position. Based on certain structural characters, 
it has been removed from the Pagiopod Heteroptera to the 
Trochalopod series by Schjodte, followed by Kirkaldy. This 
has not been accepted by the European master, O. M. Reuter, 
'but the manner of oviposition, and therefore, the genital 
characteristics, have been overlooked. These, if at all valid as 
indications of affinity, confirm the propriety of its removal to 
the vicinity of the Reduviidce, to certain of which it has indeed 
a striking superficial resemblance in structure, which is borne 
out by the appendages of the ovum and by the egg-laying 
habits, a parallel to which is to be found in Melanolestes abdom- 
inalis. This predaceous Reduviid, not unfrequently found 
under stones in fields, inserts its eggs into the earth, leaving at 
the surface a crown of filaments, which are greater in number 
but similar in appearance to the seven filaments surmounting 
the ovum of Nepa. For this reason, it seems best to continue 
to consider this family as properly placed in the Trochalopoda 
and near to the Reduviidce , as has been done by Kirkaldy. 
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Reverting now to the respiratory tube in this family of water- 
bugs, this, as is well-known, consists of two parts fringed with 
hairs, and grooved in the inner surface, forming thus two half 
tubes longitudinally divided. When the insect is submerged 
these two half tubes are kept together by the pressure of the 
water, the hairs serving to prevent leakage of air at the junction 
or seam between the two halves of the tube. These two halves 
are nothing but the lengthened peritreme of the seventh pair 
of abdominal spiracles, and they vary in length with the genus 
and species and even with the individual. It has been experi¬ 
mentally demonstrated that the shortening of the tube in any 
individual in no wise interferes with its respiration. But what 
does not appear to be so well known, if known at all, is that 
the halves may be of unequal length without at all affecting 
the usefulness of the tube. I have observed this in a specimen 
of Ranatra thus maimed, which was kept alive in an aquarium 
for a considerable period and which suffered no inconvenience 
from the inequality of the halves of the air tube. As the 
bug hangs head down from the water plants, the apex of 
the tube pierces the surface film and leads air in to the round 
spiracles situated at the base of each filament, from which arise 
the two main longitudinal tracheal trunks. In Nepa y the tube 
is short, as it is in Cercotmetus, a near relative to Ranatra , 
and in Curicta , the form that bridges the gap between Ranatra 
and its allies and the Nepa- like forms; on the other hand, in 
Ranatra it is long (with perhaps one or two exceptions), as well 
as in Laccotrephes and other exotic genera. Here is a distinct 
adaptation to a preferred habitat, as Ranatra and the other long- 
tubed genera are deep-water dwellers, while Nepa and its short- 
tubed congeners is to be found in shallows among grasses. 
In the Nepidce as a whole there is a most peculiar respiratory 
structure—the so-called false spiracles, which are six in number 
and are situated in the. connexivum at the third, fourth and 
fifth abdominal segments. These false spiracles are large and 
oval in outline, and quite visible to the naked eye. Under the 
magnifier they are seen to consist of an opaque plate set in a raised 
margin and provided with round perforations which, in turn, 
are occluded by a diaphanous membrane. The true spiracles 
in these segments of the abdomen, as well as in the second 
segment, are nonfunctional, the former being set in the widened 
peritreme of these colander-like openings. No experimental 
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evidence is yet at hand to definitely indicate the purpose of 
these peculiar structures, but in view of the absence of storage 
reservoirs for air and of the bug’s proneness to submerge itself 
for long periods of time, it is not unreasonable to surmise that 
dissolved air is extracted from the water, thus aerating the body 
fluids as they flow by within the body cavity. The other 
functional spiracles are the thoracic, which are large and 
well-developed and apparently used when the insect is in flight, 
as they are exposed by bending the thorax forward when 
Ranatra, for instance, takes to the air. In the nymph, the 
respiratory device is superficially the same as in the adult, 
but is actually quite different. Here all the abdominal spiracles 
are functional and air is led to them by a very short tube. 
This is formed by the folding over of the produced last abdom¬ 
inal segment, the amplified connexivum of the others being 
bent over to form a channel over the spiracles, which are thus 
in direct contact with air. The internal organization of the 
respiratory system in nymphs has not as yet been investigated. 

The third type of respiratory devices, that is, the abdominal 
channel, has been but little studied. It is, however, extremely 
simple. The abdomen is keeled down the middle and from 
this keel spring outwardly toward the sides of the body elastic 
and fairly stiff and close-growing long hairs, which meet similar 
hairs arising from the connexivum edge. There is thus formed 
a channel on each side of the abdomen which is filled with air 
and in which the spiracles are placed. The bugs hang in the 
water abdomen up with its extremity just piercing the surface 
film. In most species there are three tufts of hair which spread 
out on the surface leaving an open, water-free spot in the middle 
which is the point where the connection is made between the 
abdominal reservoirs and the atmosphere. When totally 
submerged, the opening closes in some way not well explained 
so far, although the writer believes that the three tufts mentioned 
lap over and in some manner serve to obstruct the entrance 
of water into the channels. In any case, these channels act 
as storage reservoirs while the insect is in its element. The 
hairs are not set so near together as to touch, but they are 
sufficiently close to form an aqueous film at a tension between 
them which acts to retain the air in the chambers and at the 
same time to keep water out. This is very necessary in many 
species, as they only come to the surface to renovate their 
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air supply, remaining at some distance below the surface the 
greater part of the time. Very little seems to be known in 
regard to their internal respiratory system. It might seem, 
though, that it should be simple. The nymphs are not different 
from the adults in this adaptation. 

All these devices, as can be readily understood, are nicely 
correlated to the varying conditions under which the groups 
live. The forms with the pile and reservoir type are deep¬ 
water dwellers, the CorixidcB clinging to the bottom, the Bel - 
ostomatidce hiding among the rubbish and mud, the Naucoridce, 
in a general way, living in the subaquatic vegetation. All 
comparatively seldom come to the surface; all, therefore, 
need some means of obtaining air while under water, which will 
provide a way for its constant automatic renovation independent 
of direct contact with the atmosphere except at comparatively 
long intervals. And here we have it. The air and oxygen 
contained in the water in some way seem to purify the air 
enmeshed in the pile by contact or by solution and absorption 
of its contained impurities. In the Nepidce, the difficulty to 
respiration arising from long submergence is obviated by the 
so-called false spiracles which, in my view, act as gills and 
directly aerate the body fluids, which is another most striking 
adaptation to a special environment. The Notonectidce have 
no remarkable peculiarity in this respect, as all come to the 
surface at comparatively short intervals. 

In all the aquatic and semi-aquatic forms, predatory habit 
is the rule, and accordingly the front pair of legs is modified 
into powerful prehensile organs, excepting only the Corixidce , 
of which more later. The other two pairs of legs are adapted 
in the purely aquatic section, in a greater or less degree to 
swimming, some being highly specialized and others scarcely 
so. In the majority of the Belostomatidce, the hind pair of 
legs is broadened to a very marked degree, especially the tibiae, 
which are heavily fringed with long hairs. These are exclu¬ 
sively used in locomotion under water. Lethocerus americanus, 
for instance, when hard pressed and with a free field, stretches 
out its raptorial front legs before it, and gives long strong 
propulsive strokes with the other two pairs moved synchro¬ 
nously. This is true also of our other native forms of the 
family, although, since the middle legs are neither so broad nor 
so powerful, the brunt of the labor is borne by the hind pair in 
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all. When not pressed, they paddle slowly, alternating the 
middle and hind legs. In some of the exotic genera ( Splicero- 
dema and Limnogeton), the hind legs are prismatic and sparsely 
fringed, obviously representing in this respect a less specialized 
type, and certainly a far less agile one. 

In the Notonectidce , the hind pair only is used, and the legs 
are moved simultaneously. In passing, it may be remarked that 
this apparently obvious statement is repeated, because in some 
of the earlier observers, still quoted, it has been said that the 
legs alternate laterally in swimming. While in this group the 
legs are not so broad as in the Belostomatidce , the comparatively 
thicker and longer hair fringe makes them very effective, 
and the folding back of the hairs on the return stroke tends 
to facilitate their use and by a species of feathering motion, 
avoids the retardation of a heavy back stroke. Plea is an 
exception in this family, however, in that its short little legs 
are narrow and set only with sparse bristles. Naturally, while 
the little bug swims about, it employs a short, clipping stroke, 
very different from the free, long, powerful movement of the 
others. It much prefers to walk, sometimes on the surface 
film, clinging back down, at others among the water weeds it 
frequents. The two front pairs of legs in this group are modified 
into raptorial legs, a rather unusual condition, and they are 
held closely appressed to the sternum when in repose, but when 
at the surface and awaiting their prey, they are somewhat 
outstretched and may be seen as four little eminences on the 
surface by the observer. 

The Naucoridce have legs but little adapted for swimming. 
They are more or less hairy or bristly, but not flattened like 
the legs of the Belostomatids. Nevertheless, they contrive 
to move quite rapidly while swimming, and some indeed, as 
Aphelocheiras , are able to breast rapid streams. On land, 
however, they walk quite freely for water bugs and especially 
so if compared with the previously named families, which are 
very awkward and feeble when moving on land. This difference 
can be readily understood if it be borne in mind that they 
live concealed in aquatic vegetation, among which they ordi¬ 
narily creep. The raptorial front legs are very powerful in 
this family, the femora being greatly thickened, and the tibiae 
strong and curved, terminating in a single sharp tarsal claw. 
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The simple legs of the Nepidce are narrow, in Ranatra and 
Amphischizops much elongate and in Nepa and its Old World 
congeners, shorter and stouter and prismatic, with sparse hairs 
in all. Naturally, they are poorly adapted to swimming, 
and the bugs make but awkward and slow progress when in the 
water. Ranatra , for example, alternates the second and third 
pair of legs when swimming, a slow operation at best. In the 
first pair, the coxa is very long, the femur is also long, and the 
tibia closes over it and forms a scissors-like grasping claw. 

In the CorixidcB also the hind legs only are specialized 
for swimming. The anterior pair is broadened and flattened 
of a more or less sickle-like shape and set with stout pegs and 
hairs in series. These are held by some to be in the nature of a 
musical organ. At least, some species make a chirping noise, 
which it is claimed is produced by rubbing this strigil as it is 
called, across the grooved front of the bug’s face. The second 
pair of legs is used in clinging to pebbles and other objects at 
the bottom. 

In the three groups, Corixidce , Belostomatidcc and Noto- 
nectidce, the legs are nearly as useless for progression on land 
as the wings are efficient for flying. These members have 
been totally modified in their adaptation to subaquatic locomo¬ 
tion and the very form of the insects has “suffered a sea- 
change;” they are smooth, narrow and more or less tapering 
back and front, especially toward the rear. In some, the smooth¬ 
ness of the exterior is produced by the greater or less polish 
of the hard parts — thorax, hemelytra —and in others by the 
possession of a pile which inhibits the natural retardation 
exercised by water on moving objects through friction, 'which 
is overcome by the film of air imprisoned in this pile. This 
device may be observed in Notonecta, especially in the darker 
forms, in which the hemelytra are to be seen silvered with a thin 
film of air when the bug is submerged. 

Protective mimicry is exhibited mainly in Ranatra , which 
looks like a little brown twig caught in the vegetation. As 
it is sluggish by nature, it remains in one place and waits for 
its prey— Daphnias, young fish, free swimming aquatic larvae 
of one kind or another — which it captures by means of its 
raptorial scissors-like forelegs as the victims incautiously 
swim past. The Belostomatidce are more active and pounce 
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on their prey from ambush, seizing it in their strong front claws 
and deadening it by injecting their narcotic saliva. They 
catch fish and in some parts of the world are known as fish- 
killers. The food of the Corixidce is scarcely known, although 
Abbott surmises that Rhamphocorixa acuminata feeds on an 
Ostracod , which might lead to the conclusion that this family 
is no exception to the general rule in aquatic Hemiptera. 
It may also be presumed that they are herbivorous, as they are 
not fitted with the means to seize living things. 

The next to engage our attention are the Gymnocerata 
Littoralia, the surface-dwellers, the water-striders, so-called, 
comprising the G err idee and allied families. Here, as might 
be expected, the environment is more uniform and we therefore 
find the adaptations less in number and not so unique in 
character as in the Cryptocerata. The antennae are free, the 
legs are little changed in the majority, the food is animal, 
respiration is uncomplicated, and in general the entire structure 
is simpler. 

The universal and most striking adaptation to life upon the 
waters is the greater or less thickness of the velvety pile that 
covers the bugs. The object of this is to prevent the insect 
from getting wet, by enmeshing a film of air which will repel 
water from its body. On the under side of the body, the pile 
is more or less silvery in color, while the upper side partakes of 
the general hue of the species. All the forms — fluviatile, 
lacustrine, oceanic— have this peculiarity in varying degree. 

It is said that some species when closely pursued dive to 
escape. This submergence has actually been seen in Rhagovelia , 
but not for the purpose of escape. This form, when under 
water, is covered with a silvery coating of air. Although 
Gerris is said thus to evade pursuit, I have never seen any 
of our native species try this in spite of all manner of effort 
and constant attack with a net. At any rate, Rhagovelia , 
in my observation, drowns in a short time and Gerris does not 
long survive submergence. 

The only other adaptation is in the structure and function 
of the legs. In general, in Gerris , the first pair is raptorial; 
the middle pair is used in propulsion and the hind pair as a 
rudder. Of the non-gerrine forms, the modified land bugs, 
so to speak, Hydrometra walks on the surface, as do Mesovelia 
and the Ilebridce , or Naeogeidce. None of these should in any 
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degree be deemed a true Gerrine, since they clearly belong to 
widely dissimilar families. In these three last named divisions, 
all the claws are apical and well-developed, which is also true 
of certain Oriental Gerrids, save that the claws in the latter are 
very small. In all the other water-striders, the Gerridce proper, 
the claws of the last two pairs of feet at least are subapical and 
inserted in some sort of a slit. The legs in all are heavily 
pilose, in some few bristly. In the majority they are very 
slender and long, except in Microvelia, Rhagovelia and Rheuma- 
tobates, in which last, in some of the species of the genus, the 
male femora are apt to be curiously distorted; and in the other 
two genera much thickened. A description of the process of 
locomotion in Gerris remigis, Say, our common brown water- 
strider, may be taken as typical of the family Gerridce. The 
tarsi only of the first pair of legs touch the water for support. 
The middle pair is used for propulsion by rowing motions, 
and with them they take longer or shorter strokes, according 
to their degree of haste, the tarsi only lying flat upon the surface 
and more or less outstretched. Steering is done by the hind 
pair mainly, and at times by a longer or shorter stroke from one 
or the other of the propelling feet to help. Both the tibia and 
tarsus of the hind pair touch the surface, the legs trailing behind 
the bug loosely. In the others, the Halobatince, including the 
Rheumatobates and the other lacustrine and oceanic forms, 
the process has been observed to be the same in some, and 
probably is in the others, so far as rowing with the middle 
feet and steering with the hind goes, but no detailed observa¬ 
tions seem to have been made in regard to the use of the anterior 
feet. Nothing appears to be known in this respect about 
the oceanic forms. Microvelia moves with what Kirkaldy 
has called a scuttle, that is, a little run in staccato steps, but 
this is when not in haste. When these tiny bugs are in a hurry, 
they give long, powerful strokes of the middle legs, and then 
travel very swiftly. The most peculiar member of the group 
in regard to adaptation of the organs of locomotion to environ¬ 
ment or uses is Rhagovelia. This genus, with two exceptions, 
by preference frequents the swiftest current of streams, where 
the waters braid in ripples, and is there to be found in schools, 
sometimes numbering into the thousands, as I saw them in 
Mexico, on the shallow Rio Santa Catarina, which runs through 
the City of Monterey, in the North. In these, their favorite 
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haunts, they swim about with a zigzagging, jerky motion, 
against the hurrying currents, maintaining their relative 
positions and even surmounting the stream with little effort. 
Their ability to cope with a rapid flow is readily appreciated 
by a consideration of the structure of their legs. The anterior 
pair are more or less simple, as usual, and so is the posterior. 
Their function not having been directly observed, it can only 
be surmised that they do not differ from the other Veliidce. 
The middle legs, however, are worthy of all attention. In 
these, the femora are more or less swollen in both sexes, greatly 
so in the males, not so much in the females. The tibiae are 
long and slender, and the tarsi taken together are nearly as 
long as the tibiae. These tarsi are highly specialized, and in 
them lies the secret of Rhagovelia s ability to breast strong 
currents. The last tarsal joint is split for about half its length, 
and in the split, at its base, is set a plume-like arrangement, 
which may sometimes be noticed projecting from the tarsus in 
dried museum specimens. A little mild speculation was excited 
by this plume, and Champion, in Biologia Centrali Americana, 
suggested that it might be spread fanwise on the surface of 
the water. Very fortunately a direct observation of this 
plume in use happened to be made and it was published, so its 
function is now well understood. In swimming, the tarsus 
of Rhagovelia lies on the surface along its entire length, with 
the split perpendicular to the surface. The plume, which is 
made up of a number of feather-like hairs fastened at one end 
at the base of the slit and free at the other, is now opened 
downward into the water, where it spreads fanwise, thus acting 
in a somewhat similar manner to the web foot of a fowl or the 
fin of a fish. Of course, this gives the insect a comparatively 
tremendous purchase and enables it to successfully propel 
itself against a strong flow. 

A few general considerations now suggest themselves. It 
would seem from the facts set forth that any insects provided 
with such highly specialized devices fitting them to cope with 
a complex environment can scarcely be considered primitive 
forms, not if evolution be operative as is commonly asserted 
and with simple scientific faith believed to be. Whatever 
structures are seemingly simple can be explained by the fact 
of disuse or by non-specialization due to unspecialized use. 
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As an example, consider the hind wings of Ranatra. This 
insect is obviously highly specialized, but these wings have 
few if any cross-veins, and these few are mostly spurs arising 
from the longitudinal veins. Equally obviously, such very 
narrow wings as this insect has do not require stiffening cross¬ 
veins, and in the course of time those that once were there 
became obsolete. In Aphelocheirus, the insect’s frequentation 
of never-drying streams makes even the adventitious use of 
wings unnecessary for any purpose, and so through ages of 
disuse they have totally disappeared. Again, how by any 
stretch of imagination can such a complex organ as the tarsal 
plume of Rhagovelia be considered a primitive structure? In 
the whole range of insects there is no similar highly specialized 
swimming device known. No further comment on this phase 
of the subject seems necessary. 

The true position in time of the highly interesting groups of 
aquatic Hemiptera is to be determined by a careful consideration 
of the volume of important work that has appeared in Europe 
and elsewhere on the structure and habits of this series of 
insect forms, a series which displays so many highly specialized 
(and therefore not primitive) adaptations to a very special 
environment. 


